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Abstract 
Process intensification constitutes a high interesting and promising industrial area. It aims to modify conventional processes or 
develop new technologies in order to reduce energy needs, increase yields and improve product quality. It has been demonstrated 
by this research group (CSIC) that power ultrasound have a great potential in food drying processes. The effects associated with 
the application of power ultrasound can enhance heat and mass transfer and may constitute a way for process intensification.  
The objective of this work has been the design and development of a new ultrasonic system for the power characterization of 
piezoelectric plate-transducers, as excitation, monitoring, analysis, control and characterization of their nonlinear response. For 
this purpose, the system proposes a new, efficient and economic approach that separates the effect of different parameters of the 
process like excitation, medium and transducer parameters and variables (voltage, current, frequency, impedance, vibration 
velocity, acoustic pressure and temperature) by observing the electrical, mechanical, acoustical and thermal behavior, and 
controlling the vibrational state.  
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 2015 ICU Metz. 
Keywords: Power ultrasound; food drying transducers; characterization of transducers 
1. Introduction 
In the past years there has been a growing interest on food dehydration for preserving the product. To achieve a 
good performance in this task, technologies such as applying high-power ultrasound have been developed. Previous 
researches show that there is an enhancement of the drying process when applying ultrasound [1-3], with cylindrical 
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[4], circular [2] or rectangular [5] radiators; and for carrots [2, 5], orange peel [6] or others. The latest researches on 
the issue deal with low-temperature ultrasound drying [7], obtaining also good results when applying ultrasound. 
Anyway, to achieve a good performance it is necessary to drive the transducer into a resonance mode and into a 
high power level. This requirement may lead the transducer to work in a nonlinear regime, where various 
phenomena can be detected [8, 9]. Among these effects, the piezoelectric behavior of the ceramic stacks may induce 
tuned frequency drops and hysteretic responses as well as an increase of the temperatures when driving the 
transducer at high power [10]. On the other side, multi modal responses or combination of resonances are effects of 
the natural modes of the whole system when applying high power [11]. 
Because of these reasons, it is important to characterize carefully the transducer behavior when driving it into 
high power at resonance. In a previous work, a system capable to drive the transducer around the resonance 
frequency and characterize its nonlinear behavior was developed, and used to determine the nonlinear dynamics of 
different kind of transducers [12-13]. Also, other researches have tried to define a system capable of tracking the 
resonance frequency in order to enhance the power efficiency of the system and stabilize the vibration velocity [14, 
15]. 
 The aim of this paper is to introduce a new system that provides an efficient and economic approach to 
characterize the nonlinear behavior of high-power ultrasonic transducers, taking into account electrical, acoustical, 
thermal and vibrational aspects and performing simultaneously tasks of excitation, control, monitoring and analysis.  
 
2. New ultrasonic controller and characterization system 
2.1. Experimental set-up 
This new system, based in a Labview application, allows not only the characterization of the nonlinear behavior 
of the transducers but also includes learning tasks, control and real time protection, keeping some of the variables 
(voltage, current, power or temperature) below the desired values. The characterization system (figure 1a) consists 
of a computer, excitation system, power ultrasonic transducer, and measurement and acquisition systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1. (a) Block diagram;                                            (b) Rectangular ultrasonic plate-transducer 
 
This system allows the characterization of power ultrasonic transducers that will be used for mass transfer 
intensification in food dehydration processes. In this case, we will compare the measurements obtained with this 
system and the old characterization system shown in [12] for an ultrasonic transducer with a rectangular extensive 
radiator (figure 1b) that will be used for food drying purposes [16]. 
Apart from the Labview application, where lie the biggest improvements of this system, there are two main 
differences between this block diagram and the one shown in [12]: on one side, it is no longer necessary the use of 
an oscilloscope because the program performs a multi-domain analysis; and the other side, the use of a National 
Instruments PXIe-1073, that allows faster communications with the computer. 
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2.2. Control and characterization program  
The main goal of this new system is to provide a way of performing different tasks simultaneously: signal 
acquisition, analysis, characterization, control, monitoring and data logging. The application, based in Labview, 
offers an enhanced effectiveness, comfort and speed in the tests, versatility, mistakes reduction, and it makes no 
longer necessary the changes in the physical configuration for different kind of tests or type of loads.  
Also, the program prevents the different parts from being damaged by high voltage, current or temperature by a 
maximum allowed value that can be selected by the user. 
Most of the configurations are performed applying software solutions. For example, it is no longer necessary to 
connect a physical inductance (L) to compensate the parallel capacity (Cp) when tracking resonance, only by 
choosing the required compensation in the program. This allows the distortion reduction in the impedance matching 
unit output. 
Furthermore, the resonance tracking is performed completely by software, applying traditional algorithms 
(maximum power and minimum phase), but monitoring all the events and giving a total flexibility and fast 
reprogramming (changes in Cp compensation, frequency range, tolerances…). 
Finally, regarding the transducer characterization, we can find functionalities like quality factor (Q) 
characterization; automatic obtainment of local minima and maxima (velocity, displacement, current,…); automatic 
modeling applying analytical functions, linear, polynomial or exponential; different curves, for different 
compensation criteria; multi-domain analysis; isothermal analysis; response characterization based on voltage or 
power variations; data logging and graphics export, among others. All these functionalities allow the user a 
dynamic, fast and economic analysis of the nonlinear behavior of the transducers for food drying processes. 
 
3. Transducer characterization 
In order to validate this new system, an analysis of the nonlinear behavior for the transducer shown in figure 1b 
has been carried out, using an old characterization system [12] and this new one. The transducer, designed for food 
dehydration purposes, has a four ceramic-stack, a mechanic amplifier and a rectangular extensive radiator 
(308x570x33.5 mm), made of aluminum. The resonance frequency of the system lies around 21.5 kHz, with a 
quality factor of 16500 (bandwidth around 1.3 Hz). 
The comparison has been made for a 2D sweep around the resonance frequency and for different excitation 
voltages. The figure 2 shows the vibration velocity (ȟሶ) obtained by the vibrometer pointing the laser at a maximum 
displacement area, near the border of the radiator, using both characterization systems.  
For this analysis, a burst configuration has been considered, in order to take into account only the nonlinear 
behavior due to the transducer and avoid the nonlinear behavior due to thermal effects. 
 
 
 
 
 
 
 
Figure 2. Burst signal excitation; a) vibration velocity old system; b) vibration velocity new system 
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Both systems show a softening behavior, with similar values of the vibration velocity and frequency shifts, but 
the new system offers a more accurate behavior, as it can be seen, where the curves present a monotonic 
performance. 
Apart from these comparisons, there are some other graphics that can be obtained directly from the program, like 
variations of impedance with excitation, while tracking resonance (figure 3). The program provides also an 
interpolation equation for this function, in this case a 2nd order polynomial equation: 
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Figure 3. Variation of impedance with excitation 
4. Conclusions 
A new ultrasonic controller and characterization system has been presented and, in order to check its performing, 
a comparison with an old system has been made. The results obtained with both systems are similar, but the new 
system offers a more accurate behavior and a better performance.This new system also provides new functionalities 
that allow an easier, faster and more economic control and analysis of ultrasonic transducers.  
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